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For the sake of determination of some physical factors for gibbsite e bearing marl, at the
area under consideration, a cylindrical tube of length 60 cm and diameter 6 cm was used.
This tube contains ten CR-39 detectors of area 1 cm*1 cm fixed on the inner side of the tube
in mutual positions of fixed interval distance 5 cm for each. The measured radon gas
concentrations ranged from 1027.87 ± 93.32 Bq/m3 to 1712.39 ± 126.19 Bq/m3, the exhala-
tion rate ranged from 3.39E-5± 3.08E-6 to 4.66E-5 ± 3.00E-6 mBq/m2s1. By using the
measured value of porosity which is (49.19%), the measured diffusion coefficient was
calculated, it ranged from 3.26 E-3 (m2 s1) to 5.77E-8 (m2s1) and the diffusion length
ranged from 3.63 m to 56.19 m, these values were used to determine the depth of the top of
radioactive layer, the obtained results was found to be 1.683 m.
Copyright © 2016, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Since radon and their progenies contribute with greater than
50% of radiation dose received from natural and manmade
radiation sources, it is important to understand the genera-
tion process of radon from different materials, their migration
from this material, their entering process into atmosphere
and our working places.
Three main processes will occur after generation of radon
atoms from radium by decay process in the solid grains. i)
emanate to pore gases or fluids ii) migrate a significant dis-
tance from the site of generation in rocks or soils near the
earth surface, iii) enter the atmosphere before undergoing
radioactive decay in an exhalation process (Rood, White, &
Kendrick, 1998)..com.
gyptian Society of Radiat
iety of Radiation Sciences
cense (http://creativecomThe physical behavior of radon in materials is mainly
characterized by the emanation coefficient, which is the
fraction of radon atoms that escape from amineral grain in to
contiguous pore space It has dimensionless value and
expressed in percentage (%). Two types of factors influence on
emanation coefficient of material, 1) Related to the solid grain
properties such as radium distribution inside solid grains,
moisture content, soil temperature, and solid grain size 2)
Related to the pore space properties (Tanner, 1980).
Diffusion, is the process bywhich radon isotope can escape
to the atmosphere, it occurs when there is a different gas
concentration between two media (Koarashi, Amano, Andoh,
& Iida, 2000), it is determined by radon gas concentration
gradient across the radon gas sources (Rock, Soil, Building
materials) and the surrounding air. The rate of diffusion
(emanation rate) can be described by Fisk's law (Nazaroff,ion Sciences and Applications.
and Applications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
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Ramachandran, 1990), which linked the concentration
gradient and the flux of radon atoms as Jb ¼ DbvCvx Or
Je ¼ DevCvx Where J is the activity flux density measured in Bq/
m2s and x- is the one dimensional direction into the soil. As
the diffusion process arises in the opposite direction of the
increasing concentration so, the negative sign arises (Koarashi
et al., 2000). De, effective diffusion coefficient, relates the inter-
stitial concentration to the flux density across pore area, Je. Db
bulk diffusion coefficient relates the interstitial concentration of
radon to the flux density across a geometric area, Jb. The
relation between them is written as:Db ¼ εDe, where ε is the
total soil porosity (Nazaroff et al., 1988). The measurement
methods of radon diffusion coefficient from different samples
is divided into two methods according to diffused radon
concentration from the other sided of the sample as: i) tran-
sient method, depends on the increasing of radon concen-
tration with time; ii) steady state method by using the stable
radon concentration (equilibrium radon concentration)
(Sasaki, Gunji, & Okuda, 2006). Several factors may influence
on the diffusion coefficient such as: Water content (Kojim &
Nagano, 2005) and Grain size (Fig. 1).
The process by which the radon atoms in the pore space
enters the atmosphere is called exhalation rate: “thenumber of
radon isotopes atoms left the unit surface area of material per
unit time (Bqm2 s1), ormass exhalation ratewhich is defined
as the number of radon isotopes atoms left the unitmass of the
material per unit time (Bq kg1 s1).
Many techniques are used for measuring radon and thoron
exhalation rates directly from ground, soils, and rocks or from
building materials (Hosoda, Shimo, Sugino, Furukawa, &
Fukushi, 2004; Hosoda et al., 2007; Tokonami, Yang,
Yonehara, & Yamada, 2002). The most common used are
employing Solid State Nuclear Track Detectors (Hafez,
Hussein, & Rasheed, 2001). One of these techniques is cup or
can technique (Baykara, Dogru, Ince€oz, & Aksoy, 2005;
Rehman, Al Jarallah, Musazay, & Abu Jarad, 2003), in which
the activity concentration of radon in the air volume of the
cup as a function of exposure time (t) can be calculated from
the track density and the conversion factor. The exhalation
rate can be calculated by using a suitable formula includes
exposed surface area m2, the air empty volume m3, decay
constant of radon S1 and exposure time (Korny, 2013; Sayed,
2015). The radon exhalation rate was affected by the internal
prosperities of the sample, as well as by the sample geome-
tries (area, volume, mass, and the sample layers thickness).
The factors affecting the exhalation process are divided into
two groups; i) Intrinsic factors (related to the sample proper-
ties itself such as water content (Stranden, Kolstad, & Lind,
1984), grain size (Hosoda et al., 2007), soil temperature:
(Kojim&Nagano, 2005; Stranden et al., 1984), porosity (Hosoda
et al., 2007; Shweikani, Giaddui, & Durrani, 1995) and the
pressure difference (Koarashi et al., 2000; Kojim & Nagano,
2005; Stranden et al., 1984), and ii) Extrinsic factors (outside
medium properties) such as; the air pressure, temperature,
relative humidity, and the rainfall amount (Kojim & Nagano,
2005; Shweikani et al., 1995).
The mobility of radon can be helpful in providing useful
information concerning the possible existence of subsurface
uranium mineralization. Therefore, if there exists someuranium mineralization at a certain depth, a fraction of
radon is produced and reaching the earth's surface before
being lost in the process of natural decay. Thus, if some
convenient and accurate method is employed for measure-
ment of radon gas, an area showing high anomalous radon
signals could be delineated and presence of uranium
mineralization is outlined (Malmqvist & Kristiansson, 1980;
Said et al., 2009).
The exploration techniques based on gamma measure-
ments are ineffective when target is deep mineralization or
when there has been remobilization of ore. Also, these
methods are expensive and time consuming. On the other
hand, methods based on radon measurements provide a po-
tential opportunity to locate uranium deposit buried hundred
meters deep without involving expensive equipment, time
consuming and much finance (Fleischer, 1980).
1.1. Aim of this work
This work aims to determine some physical parameters for
the gibbsite e bearing marl at Abu e Thor area Southwestern
Sinai, Egypt such as: 1) diffusion coefficient 2) diffusion length
3) porosity and finally 4) applying the previous parameters to
determine the depth of the radioactive layer containing ura-
nium anomalies.2. General geology of the tested area
The studied area isWadi plain (1.2 km 0.9 km)with exposure
of Um Bogma Formationy10e15 m thickness. This formation
is consisted from three members, two (lower and middle)
contains radioactive elements, mainly uranium, while the
upper member is composed of sandy dolostone without ura-
nium anomalies. Some scattered hills surrounding this plain
composed of sandstone belonging to Abu Thora Formation
with no anomalies also.3. Experimental techniques
3.1. Porosity measurements
It is the ratio of the void (air) volume in material to its overall
geometric volume (Chauhana & Chakarvarti, 2002). it may be
either original or secondary. Original porosity is an inherent
characteristic and was determined at the time the rock was
formed. Secondary porosity results from later changes which
may increase or decrease the original porosity.
In this work, a Helium porosimeter (Heise Gauge type) was
used for porosity determination. The clean dry core samples
were initially callipered to determine the length and diameter,
weight, and placed in a sealed sample chamber, using steel
disks to minimize void space. The reference cell containing a
known volume was pressured with helium to 100 psi. The
helium in the reference cell was then allowed to expand into
the chamber containing the sample. The resultant pressure
was allowed to stabilize, and solid volumewas then calculated
from the pressure e volume relationship expressed in Boyle's
law (Korny, 2013). The bulk volumes of the samples were
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volume and solid volume of the sample, pore volume, then
porosity can be determined. Six samples representing the
different rock types were chosen from the studied area. One
inch diameter core was drilled in each sample and the cores
were subjected to porosity measurements at laboratory of
Nuclear Materials Authority, the values of measurements are
tabulated in Table 1.Table 1 e Porosity % for different rock type.
Lithology Porosity%
Kaolinite and gibbsite e bearing shale 12.43
Sandstones of Abu Thora formation 13.66
Aeolian sand over Abu Thora formation 11.24
Gibbsite e bearing shale 24.79
Gibbsite e bearing marl 49.19
Marly dolostone of Um Bogma formation 28.423.2. Measuring Rn-gas concentration using Solid State
Nuclear Track Detectors employing cylindrical technique
The technique consistsof a small tubeof radius 7 cmand length
of nearly 60 cm contain a SSNTD detector located in the un-
derground bymaking circular hole. This technique can be used
for different applications such as, estimating soil radon con-
centration at various depths, after suitable exposure time. The
films were collected, etched and counted under an optical mi-
croscope with a suitable magnification. The tracks density and
the soil radon gas concentration were obtained by employing
the calibration factor for theuseddetectors (Sayed, 2015). Fig. 2a
andbshowsthedesignof theusedtube (diffusionchambre)and
fixing process in the field work.
The SSNTDs used in this study is Poly-Allyl Diglycol Car-
bonate (CR-39), manufactured by Pershore Molding Limited,
England, with a thickness of 500 mm, chemical formula
C12H18O7 and density 1.32 gm cm
3. After exposure, the de-
tectors were collected, chemically etched under optimum
conditions as (Korny, 2013; Mohamed, 2014). The calibration
procedures of CR-39 used was explained in (Mohamed, 2014).
The calibration factor obtained according to this procedure is
0.22153 ± 0.035Tcm2 d1/Bq.m3. Radon gas concentration
was calculated from the formula (Korny, 2013).
CRnðpci=lÞ ¼ r
:K
(1)
where (r) is the track density (number of tracks per cm2/day),
The radon concentrations in KBq m3 were calculated by
using the relation (Korny, 2013; Sayed, 2015).
C

kBq

m3
 ¼ 0:037*CPðpCi=LÞ (2)
3.3. Determination of the diffusion coefficient and
diffusion length using pipe tube
Diffusion length, it is the main distance that Rn- gas atom
can cut before disappeared. The diffusion process of radon
and its transportation through different media is a complex
process and is affected by several factors (Tanner, 1980;Singh, Kumar, Singh, & Singh, 1999). The radon diffusion
coefficient of material quantifies the ability of radon gas to
move through it when concentration gradient is the driving
force . This parameter is proportional the porosity and
permeability of the medium. Radon diffusion through mate-
rial media obeys the equation (Chauhana & Chakarvarti,
2002).
N ¼ No exp


ﬃﬃﬃﬃﬃﬃﬃﬃ
l=D
p 
X (3)
where, N is the concentration of radon at any time t at a dis-
tance X from source, N0 is the concentration of radon at the
source and l is the decay constant of radon.
If N1 and N2 are the radon concentrations at distances X1
and X2 respectively from source, then by using the above
equation after simple modifications, the diffusion coefficient
(D) is given by Chauhana and Chakarvarti (2002):
D ¼ l½ðX2  X1Þ=lnðN1=N2Þ2 (4)
The diffusion length can be calculated using the equation
L ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
D=εl
p
(5)
where, D: is the radon diffusion coefficient and l is the decay
constant of radon, and ε is porosity of the medium.
The same configuration borehole tubes Fig. 2 that used for
measuring radon gas concentration was also used for deter-
mination the diffusion length (L) and diffusion coefficient (D),
this configuration was used in order to maintain the same
calibration conditions. By considering the separation distance
between any two detector and their corresponding track
densities hence (radon gas concentrations) and substituting in
Eq. (4) to get the diffusion coefficient (D), finally using the
measured values for porosity and Eq. (5) we obtain the diffu-
sion length (L).3.4. Exhalation rate measurements
The same configuration as described above in Fig. 2 was used
formeasuring the exhalation rates in (Bqm2 h1). In this case
the exhalation rates were measured from the obtained date
for the recorded track densities on the exposed detector sur-
faces, by considering that the exposed tube is a cylinder of
radios 7 cm and heights, h ¼ 10, 15, 20, 25, 30, 35, 40, 45, 50, 55
and 60 cm, respectively.
The exhalation rate of radon is obtained from the expres-
sion (Khan, Prasad, & Tyagi, 1992; Varshney et al., 2010).
Ex ¼ CVlA½Tþ 1=lðelt  1Þ (6)
Where
Ex ¼ radon exhalation rate (Bq m2 h1).
C ¼ the measured values for the integrated radon exposure as
measured by CR-39 detector (Bq m3) in Table 2,
V ¼ effective volume of the can (m3);
l ¼ decay constant for radon (h1);
T ¼ exposure time (h) and
A ¼ area of the can (m2).
Fig. 1 e Photograph showing the stratigraphic sequence and location of cylinder (diffusion chamber) in the study area.
Fig. 2 e a) Construction of radon diffusion chambre. b) Radon diffusion chambre in Field Works.
Table 2 e Values of track density/cm2/day and Rn gas concentration (pci/l).
Distance/cm Track density/cm2/day Rn gas concentration pci/l Rn gas concentration kBq/m3
10 379.35 ± 27.95 1712.39 ± 126.19 63.358 ± 4.67
15 360.71 ± 23.21 1628.28 ± 104.78 60.246 ± 3.88
20 327.77 ± 26.59 1479.56 ± 120.01 54.744 ± 4.44
25 311.38 ± 37.73 1405.61 ± 131.31 52.008 ± 4.86
30 292.60 ± 32.11 1320.83 ± 114.97 48.871 ± 4.25
35 285.34 ± 45.35 1288.06 ± 98.72 47.658 ± 3.65
40 326.11 ± 17.94 1472.07 ± 81.01 54.467 ± 3.00
45 307.83 ± 16.91 1389.56 ± 76.34 51.414 ± 2.82
50 227.70 ± 42.83 1027.87 ± 93.32 38.031 ± 3.45
55 273.03 ± 28.99 1232.46 ± 110.90 45.601 ± 4.10
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radioactive anomalies using alpha track CR-39 detector
In this procedure, the diffusion process of radon has been
determined by radon concentration gradient across the cylin-
drical chamber (Fig. 2). The measurements were done during
winter season; the tube was fixed tightly at the top of the bore
hole between the radon source (radium ore presented at the
tested location) and the surrounding air. Radon inflow (which
occurred from deeply buried deposits) can migrate to the used
cylindrical chamber. The detectors were mounted and fixed in
the tube at different heights 5 cm between each two detectors.
The structure of the passive dosimeter was described by
several workers (Sayed, 2015; Aly et al., 2012), the diffusion
chamber were then immersed in the ground at the measuring
point. After 8 days the detectors were collected and etched at
the optimum conditions, then dried and counted using an
optical microscope of magnification 400X. The track density
was converted to radon concentration in Bq/m3using calibra-
tion factor mentioned above.
A set of equations were used to determine the top surface
of the radioactive anomalies (Sayed, 2015; Aly et al., 2012).
DRockXRock ¼ DAirXAir (7)
Where
DRock, diffusion coefficient of rock.
DAir, radon diffusion coefficient in the air.
XRock, depth of the source of radioactivity in natural rocks.
XAir, distance of radon in air.
By drawing curves between the radon gas concentration at
y-axis and distance of the detector from the contact layers in
cm at x-axis.
By differentiation the above equation to get the maximum
concentration gradient, we get
vC
vx
¼ aXþ C (8)
Since the radon diffusion coefficient in air is
Dair ¼ 1.2*105 m2s1, and by deducing the values of the
diffusion coefficient of the rock type under investigation then
the value of the Drock was then obtained. In general this value
in soil generally ranges (108 e 105 m2s1).
Finally the depth of the ore deposit XRock can be calculated
in meter from equation (Sayed, 2015 and Aly et al., 2012):
XRock ¼ ðDAirXAirÞ=DRock (9)
4. Results and discussions
The studied bore hole was located in 29 010 2800 N and 33 230
5200 E with an elevation of 493 m from sea level.
4.1. Porosity measurements
The obtained results for the selected six samples representing
pore hole and its surrounding area were shown in Table 1. The
table shows that the values of the measured porosity rangebetween 11.24 and 49.19%, themaximum values was recorded
for gibbsite e bearing marl where the tube was immersed.
4.2. Radon gas concentrations
Table 2 shows the measured track density for each detector
per cm2 per day exposure time, the table also presents the
measured values of Rn- gas concentration (pci/l) calculated
using Eq. (1), and the heights of the detectors from surface
boundary.
From the table we can conclude that , a slightly decrease in
Rn-gas concentration was observed until certain high value
for the detector then, random variation in the rest detectors
were noted. A narrow rang (1027.87 ± 93.32 to 1712.39 ± 126.19
(pci/l)), and height values indicates a highly radioactivity in
this site.
Fig. 3 represents graphically the data for Rn-gas concen-
tration and height of the detectors from the bottom of the
diffusion chamber in cm.
4.3. Exhalation rate
Table 3 presents the measured values for exhalation rate
(mBqm2 s1) of the studied site using Eq. (6), values for the
integrated radon exposure (C) is themeasured values by CR-39
detector in (Bqm3) as shown in Table 2, radios of the cylinder
is 7 cm and the heights of the chamber, h¼ 10, 15, 20, 25, 30,
35, 40, 45, 50, 55 and 60 cm, respectively. The conversion factor
in Eq. (2), was used to convert radon from pCi/l to Bq/m3
From the table we can get that: The exhalation rate ranges
from 9.42E-03 ± 8.55E-04 at h¼ 50 cm to 1.33E-02 ± 7.30E-
04 at h ¼ 40 cm, a very narrow range for the measured exha-
lation rates indicates a state of stability in diffusion process
and hence stability in porosity layers and state of normal
distribution for the radioactivity in the bedrock. The obtained
values are comparable with that obtained ranges 2.0E-3 to
5.0E4 mBqm2s1 for soils and from 4 .0E-3 to 5.0E1
mBqm2s1 for building materials.
4.4. Diffusion coefficient measurements and diffusion
length
Table 4 shows the measured values for the diffusion coeffi-
cient and diffusion length employing Eqs. (4) and (5) respec-
tively. By using the data of the measured radon gas
concentrations (pci/l) listed in Table 3 as N1, N2. The X values
indicate the heights of the detectors in each tube, 5 cm in-
terval. The calculations include all mutual positions of the
detectors.
For the diffusion coefficient, it ranges from 5.77E-
08 ± 1.30E-07 to 3.26E-03 ± 5.44E-07 with an average value of
9.23E-05 ± 9.66E-06. The observable data shows that: The
ranges of the data obtained for the diffusion coefficient values
for the boreholes are comparable with those obtained for
Gypsum (1.7 E-8 m2 s1, 2.35 E-6 obtained by Keller et al. (2000)
and (1.1 e 4.0E-6) for clay soils obtained by Aly et al. (2012),
silty sandy samples, and values of soils in general (107 to
105) obtained by Aly et al., (2012).
While for the diffusion length which was calculated by
using a 49.19% for porosity values for gibbsite e bearing marl
Table 3 e Rn gas concentration Bq/m and exhalation rate.
S.No Heights from surface boundary (cm) Rn gas concentration pCi/l Volume in m3 Exhalation rate mBqm2s1
1 10 1712.39 ± 126.19 0.0004 1.24E-02 ± 9.16E-04
2 15 1628.28 ± 104.78 0.0006 1.29E-02 ± 8.33E-04
3 20 1479.56 ± 120.01 0.0008 1.23E-02 ± 1.00E-03
4 25 1405.61 ± 131.31 0.001 1.21E-02 ± 1.13E-03
5 30 1320.83 ± 114.97 0.0012 1.16E-02 ± 1.01E-03
6 35 1288.06 ± 98.72 0.0013 1.15E-02 ± 8.80E-04
7 40 1472.07 ± 81.01 0.0015 1.33E-02 ± 7.30E-04
8 45 1389.56 ± 76.34 0.0017 1.26E-02 ± 6.94E-04
9 50 1027.87 ± 93.32 0.0019 9.42E-03 ± 8.55E-04
10 55 1232.46 ± 110.90 0.0021 1.14E-02 ± 1.02E-03
Table 4 e Diffusion coefficient and diffusion length of radon in the studied area.
N1 (pCi/l) N2 (pCi/l) Diffusion coefficient, m2s1 Diffusion length (m)
10 15 1712.39 ± 126.19 1628.28 ± 104.78 2.07E-06 ± 1.52E-07 1.42 ± 0.38
10 20 1712.39 ± 126.19 1479.56 ± 120.01 9.83E-07 ± 8.33E-06 0.98 ± 2.84
10 25 1712.39 ± 126.19 1405.61 ± 131.31 1.21E-06 ± 2.99E-05 1.08 ± 5.38
10 30 1712.39 ± 126.19 1320.83 ± 114.97 1.25E-06 ± 9.69E-06 1.10 ± 3.06
10 35 1712.39 ± 126.19 1288.06 ± 98.72 1.62E-06 ± 2.18E-06 1.25 ± 1.45
10 40 1712.39 ± 126.19 1472.07 ± 81.01 8.26E-06 ± 9.62E-07 2.83 ± 0.97
10 45 1712.39 ± 126.19 1389.56 ± 76.34 5.89E-06 ± 1.02E-06 2.39 ± 0.99
10 50 1712.39 ± 126.19 1027.87 ± 93.32 1.29E-06 ± 3.69E-06 1.12 ± 1.89
10 55 1712.39 ± 126.19 1232.46 ± 110.9 3.93E-06 ± 2.55E-05 1.95 ± 4.97
15 20 1628.28 ± 104.78 1479.56 ± 120.01 5.72E-07 ± 2.85E-07 0.74 ± 0.53
15 25 1628.28 ± 104.78 1405.61 ± 131.31 9.71E-07 ± 4.12E-07 0.97 ± 0.63
15 30 1628.28 ± 104.78 1320.83 ± 114.97 1.08E-06 ± 5.48E-06 1.02 ± 2.30
15 35 1628.28 ± 104.78 1288.06 ± 98.72 1.53E-06 ± 2.37E-05 1.22 ± 4.79
15 40 1628.28 ± 104.78 1472.07 ± 81.01 1.29E-05 ± 1.98E-06 3.53 ± 1.39
15 45 1628.28 ± 104.78 1389.56 ± 76.34 7.52E-06 ± 1.88E-06 2.70 ± 1.35
15 50 1628.28 ± 104.78 1027.87 ± 93.32 1.22E-06 ± 1.92E-05 1.08 ± 4.31
15 55 1628.28 ± 104.78 1232.46 ± 110.9 4.33E-06 ± 1.04E-04 2.05 ± 10.05
20 25 1479.56 ± 120.01 1405.61 ± 131.31 2.00E-06 ± 6.48E-07 1.39 ± 0.79
20 30 1479.56 ± 120.01 1320.83 ± 114.97 1.63E-06 ± 1.14E-05 1.26 ± 3.32
20 35 1479.56 ± 120.01 1288.06 ± 98.72 2.46E-06 ± 1.24E-06 1.54 ± 1.10
20 40 1479.56 ± 120.01 1472.07 ± 81.01 3.26E-03 ± 5.44E-07 56.19 ± 0.73
20 45 1479.56 ± 120.01 1389.56 ± 76.34 3.33E-05 ± 6.41E-07 5.68 ± 0.79
20 50 1479.56 ± 120.01 1027.87 ± 93.32 1.42E-06 ± 2.99E-06 1.17 ± 1.70
20 55 1479.56 ± 120.01 1232.46 ± 110.9 7.70E-06 ± 4.13E-05 2.73 ± 6.32
25 30 1405.61 ± 131.31 1320.83 ± 114.97 1.36E-06 ± 2.97E-07 1.15 ± 0.54
25 35 1405.61 ± 131.31 1288.06 ± 98.72 2.75E-06 ± 2.58E-07 1.63 ± 0.50
25 40 1405.61 ± 131.31 1472.07 ± 81.01 2.21E-05 ± 2.03E-07 4.63 ± 0.44
25 45 1405.61 ± 131.31 1389.56 ± 76.34 6.37E-04 ± 2.86E-07 24.83 ± 0.53
25 50 1405.61 ± 131.31 1027.87 ± 93.32 1.34E-06 ± 1.13E-06 1.14 ± 1.04
25 55 1405.61 ± 131.31 1232.46 ± 110.9 1.09E-05 ± 6.62E-06 3.25 ± 2.53
30 35 1320.83 ± 114.97 1288.06 ± 98.72 8.32E-06 ± 2.26E-07 2.84 ± 0.47
30 40 1320.83 ± 114.97 1472.07 ± 81.01 1.79E-06 ± 1.71E-07 1.32 ± 0.41
30 45 1320.83 ± 114.97 1389.56 ± 76.34 1.84E-05 ± 2.82E-07 4.22 ± 0.52
30 50 1320.83 ± 114.97 1027.87 ± 93.32 1.34E-06 ± 1.93E-06 1.14 ± 1.37
30 55 1320.83 ± 114.97 1232.46 ± 110.9 2.74E-05 ± 1.01E-04 5.15 ± 9.89
35 40 1288.06 ± 98.72 1472.07 ± 81.01 2.94E-07 ± 1.34E-07 0.53 ± 0.36
35 45 1288.06 ± 98.72 1389.56 ± 76.34 3.65E-06 ± 3.18E-07 1.88 ± 0.55
35 50 1288.06 ± 98.72 1027.87 ± 93.32 9.28E-07 ± 1.49E-05 0.95 ± 3.80
35 55 1288.06 ± 98.72 1232.46 ± 110.9 4.31E-05 ± 6.21E-06 6.46 ± 2.45
40 45 1472.07 ± 81.01 1389.56 ± 76.34 1.58E-06 ± 1.49E-06 1.24 ± 1.20
40 50 1472.07 ± 81.01 1027.87 ± 93.32 1.63E-07 ± 1.05E-06 0.40 ± 1.01
40 55 1472.07 ± 81.01 1232.46 ± 110.9 1.50E-06 ± 4.79E-07 1.20 ± 0.68
45 50 1389.56 ± 76.34 1027.87 ± 93.32 5.77E-08 ± 1.30E-07 0.24 ± 0.35
45 55 1389.56 ± 76.34 1232.46 ± 110.9 1.46E-06 ± 1.51E-07 1.19 ± 0.38
50 55 1027.87 ± 93.32 1232.46 ± 110.9 1.59E-07 ± 1.76E-07 0.39 ± 0.41
Avg. 9.23E-05 ± 9.66E-06 3.63 ± 2.3
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Table 5 e The calculated diffusion coefficient.
High from the tube bottom 15 20 25 30 35 40 45 50 55
10 2.07E-06 9.83E-07 1.21E-06 1.25E-06 1.62E-06 8.26E-06 5.89E-06 1.29E-06 3.93E-06
15 e 5.72E-07 9.71E-07 1.08E-06 1.53E-06 1.29E-05 7.52E-06 1.22E-06 4.33E-06
20 e e 2.00E-06 1.63E-06 2.46E-06 3.26E-03 3.33E-05 1.42E-06 7.70E-06
25 e e e 1.36E-06 2.75E-06 2.21E-05 6.37E-04 1.34E-06 1.09E-05
30 e e e e 8.32E-06 1.79E-06 1.84E-05 1.34E-06 2.74E-05
35 e e e e e 2.94E-07 3.65E-06 9.28E-07 4.31E-05
40 e e e e e e 1.58E-06 1.63E-07 1.50E-06
45 e e e e e e e 5.77E-08 1.46E-06
50 e e e e e e e e 1.59E-07
Avg 2.07E-06 7.78E-07 1.39E-06 1.33E-06 3.34E-06 5.51E-04 1.01E-04 9.70E-07 1.12E-05
J o u r n a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 9 ( 2 0 1 6 ) 2 9 4e3 0 2300and employing Eq. (5), it ranges from 0.24 ± 0.35 m to
56.19 ± 0.73 m with an average value of 3.63 ± 2.3 m
It is noted that the measured values lays in the same that
obtained for radon gas in Gypsum (1.3 E2cm) (Folkerts, Keller,
&Muth, 1984), 1.2± 0.09 E2m for soils and 2.4 E2m for radon in
air (Sayed, 2015). Tables 5 and 6, concludes the data repre-
sented in Table 5. For the diffusion coefficient, it is noted that:
in the first lower part of the diffusing tube (chamber), between
the first detector (10 cm high) and the sixth detector (35 cm
high) where the recorded track density concentrations (hence
radon gas) are decreasing gradually the measured diffusion
coefficient are nearly constant of order ranged from 5.72E-07
to 8.32E-06. While at the second higher part of the tube fromTable 6 e The calculated diffusion length, in cm.
High from the tube bottom 15 20 25
10 141.55 97.56 108.33 1
15 e 74.43 96.96 1
20 e e 139.04 1
25 e e e 1
30 e e e
35 e e e
40 e e e
45 e e e
50 e e e
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Fig. 3 e Rn concentration gradient for thdetector number seven (40 cm high) to the most upper (55 cm
high), where the recorded radon concentrations fluctuate
from high to low values, the recorded diffusion coefficient has
awide range 3.26E-03 to 5.77E-08. Themost accurate values is
observed at the central detector (35 cm high) because this
point is the inversion point of the curve, the average calcu-
lated values is the summations of all average values
calculated.
For the diffusion length, the same behavior can be noted,
as the diffusion coefficient is directly proportional with the
square root of the diffusion length, the calculated values are
also recorded by Durrani et al. (2007) and Hosoda et al.
(2008).30 35 40 45 50 55
09.83 125.18 282.86 238.88 111.74 195.09
02.2 121.66 353.43 269.81 108.48 204.78
25.64 154.3 5618.76 567.98 117.43 273.09
14.59 163.26 462.94 2483.08 113.89 325.38
e 283.76 131.52 421.61 113.71 514.75
e e 53.39 187.98 94.78 646.26
e e e 123.59 39.7 120.38
e e e e 23.65 118.84
e e e e e 39.27
30 40 50 60
tector from the bottom of the chamber., cm
e studied bore hole (before cutting).
Fig. 4 e Rn concentration gradient for the studied bore hole (after cutting).
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By drawing curves between the radon gas concentration at y-
axis and distance of the detector from the contact layers in cm
at x-axis, and employing the set of Eqs. (7)e(9) we observe a
slightly decrease in Rn- gas concentration followed by
randomly variations describing the successions of the over-
burden the mineralized layers, Fig. 3 shows this behavior.
By cutting the curve at the first most lower point and
drawing curve that gives the best fitting for the obtained
relation as shown in Fig. 4 we get.
CRn ¼ 0:366x2  34:29xþ 2032 (10)
dc=dx ¼ 0:732x 34:29 (11)
Where C is the radon concentration; X is the depth of the rock.
At depth (x) ¼ 0.
Thefluxdensity¼34.29, as theradonconcentrationvariation
stop at path length of radonmovement into air, from Eq. (11)
when dc/dx (x¼ 0) we get,
0 ¼ 0:732x 34:29; then
Xair ¼ 46:844 cm
Where, Xair is the distance of radon in air, the diffused
radon concentration decreases exponentially with the in-
crease of soil thickness (Shweikani et al., 1995). The recorded
data of diffused radon in air had the same trend
Since DRockXRock ¼ DAirXAir
Where, XRock is the depth of the source of radioactivity in nat-
ural rock.
For the studied trench
XRock ¼ ðDAirXAirÞ=DRock
¼ 1:2105m2=s46:84102ðmÞ= 3:34106m2=s (12)
XRock ¼ 1:683meterr e f e r e n c e s
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